Building Information Modelling (BIM) is increasingly becoming one of the focal points of digital information about buildings. This digital information provides the basis for all kinds of building-related processes. It is a new approach to the exchange of data and information in the construction industry. Digitisation in the construction industry is also creating other options for managing risks. Combining sensor technology to simulations creates possibilities for deciding on an evacuation depending on the data gathered by the sensors and simulations.
Introduction
Building Information Modelling (BIM) is a hot topic, and rightly so. It is a new approach to exchanging data and information in the construction industry. BIM is much more than a nice 3D model: it is increasingly about teams working intelligently with shared information throughout the lifecycle.
Together with partners in the EU, Arcadis is using state-of-the-art BIM in the Elasstic project. Elasstic is a showcase project of the 7th Framework Programme of the European Commission.
In this article, we will be examining what BIM means for this project and what influence analyses and simulations have on the project. We will also be taking a quick look at what this can mean for design and risk management.
The EU Elasstic project

Background
The ever-increasing size, height and complexity of large-scale urban construction infrastructures are leading to greater levels of risk with respect to natural and man-made threats [1] . In the event of a genuine incident, this leads to more casualties and greater damage [2] , [3] . It seems that there is a need for a comprehensive approach to improving the security and resilience of large-scale complex infrastructures in order to safeguard the infrastructure and its occupants throughout its entire lifecycle. This includes regular operational processes as well as exceptional crisis situations. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Partners
The following overview shows the project partners:
Objective
The overall objective of the Elasstic project is to improve the security and resilience of large-scale multifunctional building complexes against natural and man-made disasters by providing a methodology and tools that make it possible to include security and resilience right from the early design and planning phases of such projects. Elasstic is the project name and is based on; Enhanced Large Scale Architecture with Safety and Security Technologies and special Information Capabilities
The Elasstic concept
A distinction is made between:
1. Resilience is the capacity to "bounce back to 'normal' status" (note the synonym 'Elasstic') in the case of an incident. 2. Safety, security and resilience should already be considered in the planning and design phases. 3. Information is a key value for both the planning and design phases as well as the operating phase. 4. Choices or decisions are backed up by information and analysis and are supported by the entire team of stakeholders.
Architects, consulting engineers and clients should work closely together when designing a building with a high risk profile. To make sure security measures are included in the plans, they are advised by a security consultant. 
Tools / output / result
To improve the security and resilience of buildings the Elasstic team uses and develop set of tools to assess the safety, security and resilience of designs. The data necessary for the calculations in these tools are extracted from BIM.
By coupling and integration of BIM and BMS (Building Management Systems deliver real-time information on the safety, security and resilience of infrastructure for a smart evacuation system By the use of innovative materials the security and resilience of buildings improve, the Elasstic studies smart and reinforced building elements
Simulations, validation and showcase
The design process will be tested and validated by making a design for a multi-functional, resilient 
BIM levels
For centuries the construction industry has recorded and exchanged information through paper documents. BIM is changing this, bringing technology to the industry that will force a rethink but has huge potential to improve performance in design, construction and operation. Four steps are distinguished to support the change in construction processes:
1. The conventional approach, using CAD or paper-based (level 0) 2. Introduce an object-based approach in object-oriented models (level 1) 3. Create a joined view of multiple separate models in an aggregated BIM (level 2) 4. Bringing external partners together in a collaborative or integrated BIM (level 3) To attain a higher BIM level, certain modules need to be passed on, e.g. standards, protocols, libraries, culture, etc.
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BIM uses
As might be suspected from the previous paragraphs, BIM is very widely applicable and ongoing developments suggest it is only going to become more so. It is clear that we ought not to expect that everyone will be active on all fronts of BIM. This means that cooperation on models and databases is going to become more and more important. A BIM menu has been made in order to provide some kind of framework and direction for the broad terrain covered by BIM. The BIM menu is based on 'Classifying and selecting BIM' from Pennsylvania State University [4] . 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Models
A building complex that is this large consists of numerous databases where information is accumulated. An overview of the databases used is given below.
Before the design starts, a relational database is built in which the requirements are defined. This is linked to the spatial structures in the architectural model, one of the three design models (along with a structural model and a MEP model). These three REVIT aspect models are used for producing IFC files. In the first instance, these IFCs are used for design coordination and clash controls.
Once the design has been completed, the IFC files are transferred to the BIM server. This is the central point where all the data comes together. The various data items needed for the range of simulation programmes are extracted from this database. The link to the requirements database also remains intact. It is possible that simulations will be started up automatically as a result of design changes when a new IFC is provided. 
Data exchange
If you want to be able to cooperate using different data sources, you need an understandable way of exchanging data. Given the vast amount of analysis software that is available, you need to work using a standardised method for information exchange. Arcadis aims to exchange data using open standards. IFC is an important standard for us.
Exchange based on IFC
The Industry Foundation Classes (IFC) data model is intended to describe building and construction industry data. It is a platform-neutral, open file format specification that is not controlled by a single vendor or group of vendors. It is an objectbased file format with a data model developed by buildingSMART (bsDD) [7] . IFC is reasonably accessible and modifiable. This makes it suitable for data exchange. Simulation programs need certain parts of a BIM model for their calculations. The BIM models are often so complex that they are unnecessarily burdensome for the simulation and analysis software and demand a huge amount of computation time.
Analytical lines are needed for structural design calculations.
Figure 9. Analytical lines of a part of the Ribbon
These analytical lines are available in BIM. Loads can also be added, e.g. REVIT. In terms of the construction work, exchange of the analytical lines within the software is still very limited, although this is present in the IFC library. Here is an example of a structural wall element from the model of the Ribbon. 
Direct data exchange
The alternative to IFC data exchange is a direct link between BIM and the analysis software. Nemetschek Scia has produced an add-in called 'SE Revit Link'. This can export directly from the BIM model to analytical data for the Scia engineer software. Loads can also be transferred. For buildings that are this complex, a certain amount of manual tweaking is needed in the end to get a number of elements to fit together properly.
Figure 12. Exported model in SCIA Engineer
Simulations
Simulations have historically always been used for predicting the behaviour of a structure. These simulations are used along with the requirements and norms to determine the dimensions of the objects and structural elements and the whole building structure. The norms are based on reasonably stable factors in the surroundings. Changes in these environmental factors take up a great deal of time before they are implemented in revised regulations.
Human influences on our surroundings are coming ever more clearly to the fore. We are currently having to deal with climate change caused by human activities that is having an effect more quickly than expected [8] . Other examples of effects on these surrounding factors are the earth tremors that have occurred in the Netherlands as a consequence of natural gas extraction and terrorist attacks on buildings. If we continue to cover all these threats by including them in NEN standards and buildings have to be able to withstand all these threats, then the structures will become increasingly costly.
Because we now have the data on the buildings to hand in BIM, we can also use the simulations to determine the performance of a structure in the event of any specific threat. If it is decided that the performance needs to be improved for a specific threat, then there is a choice:
• adapt the design • invest more in evacuation of the building • combat the threat itself
One example is placing barriers in the area around a building so that car bombs cannot get into the vicinity. The BIM of a building cannot therefore be seen in isolation. All kinds of influences from the surroundings play a part, which can in turn be represented in a BIM model. The BIM of a structure is in turn part of a higher-level whole, or 'multi-BIM' [5] .
The exponential growth of computer power is also bringing us closer to a situation in which there are opportunities to allow a building to respond dynamically to threats. A simulation is started when a threshold value is exceeded that has been defined in the requirements database. Together with data from sensors, a decision to evacuate can be taken, for example.
Example wind simulation
The BIM model of the Ribbon is used for various simulations. One of them is the effect of the increased wind loads on the building resulting from climate change. Explaining the background to this would be going a bit too far for this article. What is clear is that the nominal wind load is going to occur more often. This results in an approximately 15% greater wind load. The performance of the building is determined using the simulation. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60
Figure 14. Flexing as the result of increased wind load
In a later phase of the Elasstic project, the design measures and the definitive performance are determined.
Conclusions
BIM contains a large amount of information that casts a different light on the design options. Multiple iterative possibilities are created for making and validating designs based on the most up-to-date status of the aggregated structural information for the building. Validation of simulation models by sensors provides another insight into the behaviour of the building.
Data exchange still presents problems.
Simulations that are started up automatically when information is modified are therefore still quite some way off, but best practices certainly offer possibilities. In terms of existing buildings too, there are possibilities for studying the building from the perspective of a required performance level.
Further and more in-depth development of open standards is needed in order to avoid errors in data exchange and to make the BIM models available for all kinds of simulations.
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